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Description 

[0001] The present invention relates to a cryopump and control method thereof, and in particular to the same in which 
an optional operation conditions can be provided and the regeneration and maintenance of the cryopump can be opti- 
5 mized. 

[0002] More particularly, the invention relates to a cryopump and control method thereof in which stable operation can 
be maintained even if a sudden load change occurs in the cryopump, maintenance and checking can be performed at 
an appropriate time, complete regeneration of the cryopump can be performed in a short period, and the temperature 
of a cryopanel can be controlled without using a heater, 
10 [0003] Up until now, to operate a cryopump under good operational condition, various cryopumps have been pro- 
posed, such as described in Published Unexamined Japanese Patent Application No. 152353/1991 (H3-1 52353), Pub- 
lished Unexamined Japanese Patent Application No. 237275/1991 (H3-237275) and the like. 

[0004] In the cryopump described in the Application No. 152353/1991, a driving current is supplied to a driving motor 
or an expander motor of an expander, and when a value of the driving current detected varies unusually, a correction 
15 signal related to the unusual variation of the driving current is output to an invertor, and a rotational speed in the driving 
motor is lowered. Therefore, the driving motor is driven stably, and a synchronism loss phenomenon thereof can be 
avoided. 

[0005] In the cryopump described in Application No. 237275/1991, an inverter means of a driving motor or an 
expander motor in a refrigerator is controlled based on a temperature in a cooling stage or pressure in a vacuum cham- 
20 ber to be evacuated, and, thereby, the rotational speed in the driving motor is determined. 

[0006] The operational principal of a cryopump is based on the adsorption and the condensation of gas, and opera- 
tional characteristics (or operational performance) of the cryopump is essentially affected by the adsorption and con- 
densation of gas in the past, i.e. by the operational history of the cryopump. 

[0007] However, in the above prior art, the rotational speed of the expander motor is controlled based on only the 
25 operational conditions at that time without considering the past operational history of the cryopump. In other words, the 
control of the rotational speed of the cryopump is limited to only a real time control. 
[0008] Therefore, the following problems arise. 

(1) Fig. 4 shows a rotational speed of an expander motor with respect to an operation elapsed time of a cryopump 
30 operated under conventional real time control. 

As shown in Fig. 4, the expander motor is initially operated at the highest speed to perform rapid cooling of the 
cryopump, and is then operated at a lower stable rotational speed after cooling of the cryopump. However, in the 
case where a sudden load change occurs in the cryopump (for example, in the case where a sputtering operation 
is performed in a vacuum chamber to which the cryopump is attached) as shown in Fig. 4 by arrows "a", to maintain 

35 a temperature or a pressure in the vacuum chamber at a constant level, the rotational speed in the expander motor 
rapidly changes each time sputtering is performed. Therefore, an excess load is applied to the expander motor. In 
addition, a material constituting a seal of an expander which is driven by the expander motor is adversely affected, 
and is rapidly worn. Therefore, the working of the expander motor is shortened. 

Fig. 5 shows pressure variation in a vacuum chamber. As shown in Fig. 5, though a pressure in the vacuum 

40 chamber is normally set to be 10' 9 torr, the pressure is temporarily increased to 2x1 0' 3 torr when sputtering is per- 
formed. Thus, at this time, as shown in Fig. 4 by arrows "a", the rotational speed of the expander motor is rapidly 
increased. 

(2) The cryopump is utilized as a vacuum pump, and argon, water and hydrogen are adsorbed and accumulated 
on a cryopanel of the cryopump. Therefore, it is required to periodically remove the accumulated substance. In 

45 other words, a regeneration of the cryopump is required. Up until now, however, suitable time for maintenance work 
and checking for example, the regeneration of the cryopump cannot be properly determined. Therefore, the oper- 
ational performance of the cryopump may suddenly deteriorate during operation, and the operation of the cryop- 
ump may be frequently stopped. 

When deterioration of the operational performance of the cryopump suddenly occurs in a vacuum system such 

so as a semiconductor manufacturing apparatus or the like, considerable damage can result. 

(3) Deterioration of a cryopump with over time cannot be predicted or diagnosed, and, therefore, problems which 
may be caused by the deterioration of the cryopump with over time cannot be prevented. 

(4) The reasonable and planned maintenance and checking adapted to each of various types of deterioration of the 
cryopump with over time cannot be performed. Therefore, wasteful maintenance and checking resulting in 

55 increased costs are required. 

(5) To maintain the operational performance of a cryopump, which involves maintaining the temperature or pres- 
sure at a constant value, the cryopump is forcibly operated, and there is a probability that irreversible damage will 
occur. 
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[0009] Next, in usual two-stage cryopumps, a first stage cryopanel is maintained at a temperature of 50 - 100K to 
condense mainly water, and a second stage cryopanel is maintained at a temperature of 20K or lower to condense 
argon (Ar) and nitrogen (N 2 ) gases. Also, an activated charcoal layer or the like formed on the reverse side of the sec- 
ond stage cryopanel cryogenically adsorbs hydrogen (H 2 ) gas which cannot be condensed at temperatures of 20K or 

5 so and, thereby, a chamber is placed under vacuum. 

[001 0] A cryopump is a storage type vacuum pump as described above, and hence requires regeneration (release of 
condensed or adsorbed gases from a cryopanel) after running for a certain period of time. Since the chamber cannot 
be evacuated during regeneration, operation of a sputtering system and an ion implantation must be suspended. To 
improve availability of the systems, the regenerative time should be reduced to be as short as possible. 

10 [0011] PCT Application Domestic Announcement No. 509144/1993 discloses a conventional regenerative technique 
for cryopanel surfaces of a cryopump run by a helium refrigerator. According to the regenerative technique shown, at 
the time of regenerating a cryopump, substances condensed/adsorbed on the cryopanel surface of a cryopump are 
changed in phase to a liquid phase and/or a gas phase, and the substances in the liquid phase and/or gas phase are 
exhausted from the cryopump for removal therefrom. 

15 [0012] The prior art described above has an advantage of rapid regeneration because partial regeneration is 
employed, i.e. substances condensed/adsorbed on the second stage cryopanel surface of a cryopump are changed in 
phase to a liquid phase and/or a gas phase, and the substances in the liquid phase and/or gas phase are exhausted 
from the cryopump for removal therefrom. The regenerative method of the prior art, however, involves the following dis- 
advantages (1) - (3). 

20 

(1) Due to partial regeneration, an internal temperature of a pump casing is maintained, during regeneration, below 
a temperature of melting and evaporating of water condensed on a cryopanel located at a first stage, i.e. the first 
stage cryopanel is not regenerated. However, in order to regenerate gases condensed or adsorbed on the second 
stage cryopanel, the pump casing temperature must be raised above a triple point of the gases. This causes the 

25 temperature of the first stage cryopanel to rise above that at the time of running as a cryopump. As a result, water 
condensed on the first stage cryopanel surface is caused to sublimate. According to the prior art described above, 
however, since the pump casing is evacuated only to a vacuum of 1 0 Pa or so after the regeneration, the sublimated 
water adsorbs, in the form of vapor (H 2 0), on an activated charcoal layer provided on the back side of the second 
stage cryopanel. This causes the volume of adsorption of H 2 to decrease in the next exhausting operation. 

30 (2) Since substances are exhausted in the liquid phase and/or gas phase, two waste systems, i.e. gas and liquid 
systems are installed to treat the exhausted substances. As a result, the equipment becomes complex with a result- 
ant increase in costs. Also, the process of treating the exhausted substances becomes complex. 
(3) There has been a limit to effect a reduction in regenerative time. That is, only the time of partial regeneration 
has been able to be reduced, but an entire regenerative time is not reduced. 

35 

[0013] Further, as stated above in a conventional cryopump, a working gas, typically, a helium gas, at room temper- 
ature and high pressure supplied from a compressor unit is adiabatically expanded by an expander driven by an 
expander motor so as to generate cryogenic temperatures. The first stage cryopanel is cooled to a temperature of from 
50 to 1 00K by a cooling gas generated in a first stage expanding portion of a helium refrigerator. On the other hand, the 
40 second stage cryopanel is cooled to a temperature of from 10 to 20K by a cooling gas generated in a second stage 
expanding portion of the helium refrigerator. 

[0014] In such a cryopump, water or the like is condensed on the first stage cryopanel which is cooled to a tempera- 
ture of from 50 to 100K, while a nitrogen (N 2 ) gas, an argon (Ar) gas or the like are condensed on the second stage 
cryopanel which is cooled to a temperature of from 10 to 20K. A hydrogen (H 2 ) gas or the like, which cannot be con- 
45 densed on the second stage cryopanel cooled to 1 0K, is further cryogenically adsorbed onto an activated charcoal layer 
provided on the back surface of the second stage cryopanel. The cryopump is thus used for forming a high vacuum in 
a vacuum chamber for a sputtering system or an ion implantation. 

[001 5] A conventional cold trap generally has a single stage cryopanel and in which a working gas, typically, a helium 
gas, at room temperature and high pressure is supplied from a compressor unit to be expanded adiabatically by an 

so expander driven by an expander motor so as to generate cryogenic temperatures. The cryopanel is cooled to a temper- 
ature of from 80 to 130K by a cooling gas generated in a single stage expanding portion of a helium refrigerator. 
[0016] A cold trap is typically placed upstream of a turbo molecular pump and has the capability to improve the pump- 
ing speed of water, which otherwise hampers the discharge performance of the turbo molecular pump. The cold trap 
permits water or the like to be condensed on the cryopanel cooled to a temperature of from 80 to 1 30K so that it can be 

55 used to form a high vacuum in a vacuum chamber in a sputtering system or an ion implantation. 

[0017] In these apparatuses employing a cryopump and a cold trap, for example, in sputtering apparatuses, it is very 
important to maintain the uniformity of the sputter film, which requires that the pumping speed of the cryopump and that 
of the cold trap be kept constant. This further necessitates that the surface(s) of the first and/or the second stage cryo- 
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panels of the cryopump and the surface of the cryopanel of the cold trap be maintained at predetermined temperatures. 
[0018] Further, since the cryopump and the cold trap discharge gases from a vacuum chamber while storing them 
therein (storage type), it is necessary to regenerate the gases (outgassing) after each discharge operation for a certain 
period of time. In the regenerating process, outgassing is performed after a gas is discharged and stored. It is thus nec- 

5 essary to maintain the cryopanels of the cryopump at approximately room temperature when it is desired that a gas 
condensed or adsorbed onto the surfaces of both the first and second stage panels be completely regenerated (com- 
plete or full regeneration), and when it is desired that a gas on only the second stage cryopanel be regenerated (partial 
regeneration), it is necessary to maintain the cryopump at a temperature of from 1 20 to 1 50K. On the other hand, since 
the gas on the cryopanel of the cold trap is regenerated while the turbo molecular pump is driven, it is necessary that 

w the cryopanel of the cold trap be maintained at a temperature of from -1 0 to -30°C since water is required to be sublimed 
to perform outgassing, 

[0019] In the conventional regenerate method, whichever method is employed for performing regeneration, a heater 
is used for maintaining the cryopanels of both the cryopump and the cold trap at constant temperatures. However, it is 
troublesome and costly to build a heater, and to arrange a circuit for supplying a current to the heater in a small casing 

15 of a cryopump or a cold trap. Additionally, if a heater is provided for a cryopump and a cold trap accommodated in a 
casing which is transformed in a high vacuum state, it may generate a gas, which may further produce an adverse influ- 
ence on the vacuum processing side. Further, the temperature of the entire cryopanel cannot be uniformly adjusted with 
the heater, which also adversely influences the pumping speed and performance. Also, a sufficient regenerating oper- 
ation cannot be achieved, and such localized heating may give rise to problems. 

20 [0020] Further information relating to the prior art can be found in WO-A-90/02878, which discloses a cryogenic vac- 
uum pump that includes, in an integral assembly, temperature sensors and heaters associated with the first and second 
stages of the cryopumping array, a roughing valve and a purge valve. An electronic module removably coupled in the 
assembly responds to all sensors and controls all operations of the cryopump including regeneration thereof. System 
parameters are stored in a nonvolatile memory in the module. Included in regeneration procedures are an auto-zero of 

25 the pressure gauge, heating of the array throughout rough pumping, and a change in pressure rate test to determine 
stall in rough pumping. The electronic module also restarts the system after power failure, limits use of a pressure 
gauge to safe conditions, provides warnings before allowing opening of the valves while the cryopump is operating and 
stores sensor calibration information. Control through a control pad on the pump may be limited by a password require- 
ment. Password override is also provided. 

30 [0021] Therefore, an object of the present invention is to avoid the drawbacks of such a conventional cryopump, and 
provide a cryopump in which a sudden load change of an expander motor can be avoided, an operation at an optimized 
condition can be performed, and a suitable time for maintenance and checking required e.g. for the regeneration can 
be predicted. 

[0022] Further object of the present invention is to provide a regenerative method and apparatus for a cryopump capa- 
35 ble of regenerating cryopanels in a short period of time. 

[0023] A still further object of the present invention is to provide a cryopump and a cold trap which can maintain the 
surfaces of the cryopanels at predetermined temperatures without requiring a heater. 

[0024] According to the present invention, these objects are achieve by the cryopump as defined in independent claim 
1 and the cold trap as defined in independent claim 3. Embodiments of the invention are disclosed in the dependent 
40 claims. 

[0025] To solve the above problems, according to a first aspect, a cryopump comprises a compressor unit for inhaling 
a low pressure working gas and discharging a high pressure environmental temperature working gas, an expanding 
portion driven by an expander motor for expanding adiabatically the high pressure environmental temperature working 
gas discharged from the compressor unit to generate a cryogenic temperature, the compressor unit and the expanding 
45 unit being connected to each other to form a closed circuit, and a cryopanel cooled by the cryogenic temperature gen- 
erated by the expanding portion, characterized in that the cryopump further comprises: 

detecting means for detecting an operation parameter at an elapsed operation time in a current operation cycle of 
the cryopump; storing means for storing a value of another operation parameter at a corresponding elapsed oper- 

so ation time in a past operation cycle of the cryopump as a management parameter; arithmetic controlling means for 
calculating a succeeding rotational speed of the expander motor based on the current operational parameter and 
the management parameter stored in the storing means and outputting the same as a driving instruction signal, 
with which a succeeding rotational speed of the expander motor is controlled so as to maintain a temperature of 
the cryopanel or a pressure in a vacuum chamber to which the cryopump is attached at a predetermined value by 

55 using a current rotational speed of the expander motor and a preceding rotational speed at the corresponding 
elapsed operation time in the past preceding operation cycle of the cryopump stored in the storing means as the 
management parameter, and expander motor driving means for driving the expander motor according to the driving 
instruction signal output from the arithmetic controlling means. 
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[0026] Also, according to a second aspect, a cryopump comprises a compressor unit for inhaling a low pressure work- 
ing gas and discharging a high pressure environmental temperature working gas, an expanding portion driven by an 
expander motor for adiabatically expanding the high pressure environmental temperature working gas discharged from 
the compressor unit to generate a cryogenic temperature, the compressor unit and the expanding portion being con- 
5 nected to each other to form a closed circuit, and a cryopanel cooled by the cryogenic temperature generated by the 
expanding portion, characterized in that the cryopump further comprises: 

detecting means for detecting an operation parameter at an elapsed operation time in a current operation cycle of 
the cryopump; storing means for storing a value of a diagnosis parameter to judge a time for a maintenance or a 
10 regeneration of the cryopump; arithmetic controlling means forjudging whether the cryopump is now in a mainte- 
nance time or the regeneration time, by comparing the current operation parameter detected by the detecting 
means with the value of the diagnosis parameter stored in the storing means and outputting an alarm signal; and 
controlling means for displaying that the cryopump is now in a maintenance time or regeneration time based on the 
alarm signal output from the arithmetic controlling means. 

15 

[0027] In the cryopump according to the first aspect, since the succeeding rotational speed of the expander motor is 
controlled so as to maintain a temperature of the cryopanel or a pressure in the vacuum chamber at a predetermined 
level by using the value of the management parameter representing performance of a past operation cycle, an unusual 
sudden change in the rotational speed of the expander motor is suppressed, and, therefore, operation of the cryopump 
20 is made smooth. 

[0028] In the cryopump according to a second aspect, since a regenerating time or a maintenance time of the 
expander motor can be predicted by using a diagnosis parameter, appropriate and planned maintenance and checking 
can be performed. 

[0029] . According to a third aspect, there is provided a regenerative method for a cryopump having first and/or second 

25 stage cryopanel surfaces to condense and/or adsorb gases during pump operation and cooling means for cooling the 
cryopanel surfaces. On completion of releasing gases from the first stage cryopanel surface and/or second stage cry- 
opanel surface by maintaining the cryopanel surface(s) at a fixed temperature, an internal pressure of the cryopump is 
quickly reduced to 1/1 0 3 Pa (pascal) or less with the cryopanel surface(s) maintained at the fixed temperature. Then, 
the second stage cryopanel surface is quickly cooled to a temperature of 20K or lower. 

30 [0030] According to a fourth aspect, there is provided a regenerative apparatus for a cryopump having first and/or 
second stage cryopanel surfaces to condense and/or adsorb gases during pump operation and cooling means for cool- 
ing the cryopanel surfaces. The regenerative apparatus has heating means for heating the first and second stage cry- 
opanel surfaces, temperature sensor for detecting a temperature of the cryopanel surfaces, pressure detecting means 
for detecting an internal pressure of the cryopump, control means for generating a control signal in response to an out- 

35 put from the temperature sensor and pressure detecting means, and pressure reducing means for reducing an internal 
pressure of the cryopump. On completion of releasing gases from the first stage cryopanel surface and/or second stage 
cryopanel surface, the control means causes the pressure reducing means to quickly reduce an internal pressure of the 
cryopump to 1/1 0 3 Pa or less while controlling the heating means so as to maintain the cryopanel surfaces at the same 
temperature as in releasing gases. Then, the control means causes the cooling means to quickly cool the second stage 

40 cryopanel surface to a temperature of 20K or lower. The pressure reducing means may be a vacuum pump including a 
turbomolecular pump. Also, quick cooling may be attained by increasing a rotational speed of an expander motor of a 
refrigerator. 

. [0031] According to the regenerative method and apparatus according to the third and a fourth aspects, on completion 
of releasing gases from cryopanel surfaces, an internal pressure of a cryopump is quickly reduced to 1/10 3 Pa or less 

45 with the cryopanel surfaces being maintained at the same temperature as in releasing gases, and then a second stage 
cryopanel surface is quickly cooled to a temperature of 20K or lower. That is, first, a pressure is reduced to a high vac- 
uum to completely remove gases released from the cryopanel surfaces, and then the cryopanel surface is quickly 
cooled. As a result, the cryopanel surfaces maintain cleanliness and can be completely regenerated. Furthermore, 
since cooling down is attained in a short period of time, it is possible to reduce a regenerative time required until the 

50 cryopump resumes running. 

[0032] According to the present invention, a cryopump includes a surface(s) of a first and electively also a second 
stage cryopanel(s) onto which a gas is condensed and/or adsorbed during the operation of the pump, and cooling 
means for cooling the surface(s) of the first (and the second stage cryopanel(s)), the cooling means allowing a working 
gas at room temperature and high pressure supplied from a compressor unit to be expanded adiabatically by an 

55 expander driven by an expander motor so as to generate cryogenic temperatures, wherein the cryopump further com- 
prises: a temperature sensor for detecting the temperature of the surface of the first stage cryopanel; and control means 
for allowing the expander to be suspended for a certain period of time or to be reversely rotated based on a detection 
signal from the temperature sensor, thereby controlling the surface temperature(s) of the first and/or the second stage 
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cryopanel(s) to be within a predetermined range(s). 

[0033] According to another aspect of the present invention, a cold trap includes a surface of a single stage cryopanel 
onto which a gas'is condensed during the operation of the pump, and cooling means for cooling the surface of the cry- 
opanel, the cooling means allowing a working gas at room temperature and high pressure supplied from a compressor 

5 unit to be expanded adiabatically by an expander driven by an expander motor so as to generate cryogenic tempera- 
tures, wherein the cold trap further comprising: a temperature sensor for detecting the temperature of the surface of the 
cryopanel; and control means for allowing the expander to be suspended for a certain period of time or to be reversely 
rotated, based on a detection signal from the temperature sensor, thereby controlling the temperature of the surface of 
the cryopanel to be within a predetermined range. 

10 [0034] When the expander of the cryopump or the cold trap is suspended, adiabatic expansion of a working gas does 
not occur, thus the generation of cryogenic temperatures by the cooling means ceases, resulting in an increase in the 
temperature. On the other hand, when the expander is reversely rotated, the refrigerating cycle of the cryopump and 
the cold trap is reversed, resulting in that the refrigerating cycle is substituted by a heating cycle. As a consequence, 
based on a detected output from the temperature sensor for detecting the temperature of the first stage cryopanel, the 

15 expander is suspended or reversely rotated, thereby maintaining the first and/or the second stage cryopanel(s) of the 
cryopump and that of the cold trap at a predetermined temperature(s) without requiring a heater. 
[0035] The above and other objects, features and advantages will become more apparent from the following descrip- 
tion when taken in conjunction with the accompanying drawings in which preferred embodiments of the present inven- 
tion are shown by way of illustrative examples. 

20 

Fig. 1 is a constitutional view schematically showing a cryopump according to a first embodiment; 
Fig. 2 is a view showing a rotational frequency n in the expander motor with respect to the elapsed operation time 
T on condition that the cryopump is attached to the vacuum chamber and the cryopump is operated to maintain a 
temperature of the cryopump at almost a constant value; 
25 Fig. 3 (3A, 3B) is a flow chart showing a control procedure of the cryopump performed by controller; 

Fig. 4 is a view showing a rotational frequency n in an expander motor according to a prior art with respect to the 
elapsed operation time; 

Fig. 5 is a view showing the pressure variation conditions in the vacuum chamber; 

Fig. 6 is a diagram showing the construction of a regenerative apparatus for a cryopump for carrying out a regen- 
30 erative method as disclosed herein; 

Fig. 7 is a graphical representation showing Ar regenerative processing procedure as disclosed herein; 

Fig. 8 is a graphical representation showing known Ar regenerative processing procedure; 

Fig. 9 is a schematic view illustrative of the construction of a cryopump according to another embodiment of the 

present invention; 

35 Fig. 1 0 show the theoretical refrigerating cycle (P-V characteristics) of the cryopump; 

Fig. 1 1(a) is a sectional view illustrative of the schematic construction of a cryoturbo using a cold trap according to 
the present invention; and 

Fig. 1 1(b) is a top view illustrative of the same cryoturbo. 

40 [0036] Hereinafter, preferred embodiments are described in detail with reference to drawings. 

[0037] Fig. 1 is a constitutional view schematically showing a cryopump according to a first embodiment. 
[0038] As shown in Fig. 1, a cryopump includes a refrigerator 10 and a compressor unit 20 connected to the refriger- 
ator 10 through a piping 21. In the refrigerator 10, an expander 18 is moved up and down by an expander motor 40, and 
a first stage expanding portion 1 1 and a second stage expanding portion 15 are cooled to a cryogenic temperature. The 

45 compressor unit 20 is connected to the first stage expanding portion 1 1 and the second stage expanding portion 1 5 in 
a closed circuit form through the piping 21 . Also, 1 9-1 denotes a first stage sealing portion of the expander 1 8, and 1 9- 
2 denotes a second stage sealing portion of the expander 18. 

[0039] Also, a first stage cryopanel 13 is attached to an upper end of the first stage expanding portion 11 through a 
thermal transfer element 12, and a second stage cryopanel 17 is directly attached to the second stage expanding por- 
50 tion15. 

[0040] The first stage expanding portion 11 and the second stage expanding portion 15 are surrounded by a casing 
30, and a vacuum chamber 100 is connected to an upper end of the casing 30. 

[0041] Also, a temperature sensor 35 is attached to the thermal transfer element 12, and an output of the temperature 
sensor 35 is input to an arithmetic controlling means 51 of a controller 50. Alternatively, the temperature sensor 35 may 
55 be provided at the first stage cryopanel 13, the second stage expanding portion 15, or the second stage cryopanel 17. 
[0042] Following mechanical movement of the cryopump is briefly described. A low pressure working gas, for exam- 
ple, helium gas, discharged from the refrigerator 1 0 to the piping 21 is converted to a high pressure room temperature 
working gas by the compressor unit 20, and the high pressure room temperature working gas is fed to the refrigerator 
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10. Thereafter, the high pressure room temperature working gas fed to the refrigerator 10 is expanded in the first stage 
expanding portion 1 1 and the second stage expanding portion 1 5 by the expander 1 8 which is placed in the refrigerator 
10 and is driven by the expander motor 40, and the first stage expanding portion 1 1, the second stage expanding por- 
tion 15, the thermal transfer element 12, the first stage cryopanel 13 and the second stage cryopanel 17 connected to 

5 the expanding portion 11 and 15 are cooled by the expanded working gas. 

[0043] Therefore, gas molecules in the vacuum chamber 100 are condensed or adsorbed on surfaces of the first 
stage cryopanel 13 and the second stage cryopanel 17, and a gas in the vacuum chamber 100 is evacuated. 
[0044] In this case, surface temperatures of the first stage and second stage cryopanels 13, 17 are controlled by con- 
trolling a rotational speed of the expander motor 40. 

10 [0045] Fig. 2 shows a rotational speed (frequency n) in the expander motor with respect to an elapsed operation time 
T on condition that the cryopump is attached to the vacuum chamber 100 for a sputtering apparatus or the like and the 
cryopump is operated to maintain a temperature of the cryopump at an almost constant value, or to maintain a pumping 
speed of the cryopump at a constant value, that is, to maintain an adsorbing rate of gas molecules to the surfaces of 
the cryopanels at a constant value. 

15 [0046] In Fig. 2, a first operation cycle, wherein the cryopanels 13 and 17 are in a non-contaminated condition, is indi- 
cated by a line I. In the operation cycle I, the expander motor 40 is operated at a rotational speed close to its upper limit 
to cool the cryopump near a first time (T=0) of an elapsed operation time T. 

[0047] Thereafter, the rotational speed of the expander motor 40 is decreased as the temperature of the cryopanels 
is lowered. Thereafter, the rotational speed is stabilized. Since the number of gas molecules adsorbed on the surfaces 
20 of the cryopanels 13 and 17 increases, and thereby a refrigerating performance of the cryopump is gradually 
decreased, the rotational speed of the expander motor 20 must be gradually increased, to maintain the temperature at 
a constant value. 

[0048] Thereafter, regeneration is needed for the cryopump at an elapsed operation time T2 at which the rotational 
speed of the expander motor 40 reaches its upper limit. However, regeneration of the cryopump is normally performed 

25 at a target exchanging time T1 at which a target must be exchanged in the sputtering apparatus. 

[0049] Here, regeneration means that gas molecules condensed or adsorbed on the surfaces of the cryopanels 13 
and 17 are released while raising the temperature of the cryopanels 13 and 17. However, 100% of the gas molecules 
adsorbed cannot be released, and a number of gas molecules so adsorbed remain on the cryopanels. 
[0050] After the regeneration of the cryopump, operation of the cryopump is restarted. Then, a flowing rate of the gas 

30 in the sputtering apparatus is almost the same as in the first operation cycle. Therefore, the expander motor 40 is oper- 
ated in almost the same manner as in the first operation cycle. However, as compared with the first operation cycle, 
because a few gas molecules adsorbed on the surfaces of the cryopanels 13 and 17 remain and because the perform- 
ance of the cryopump tends to deteriorate due to the degradation on the surfaces of the sealing portions 19-1 and 19- 
2, the rotational speed must be slightly increased in principle. Thus, a second operation cycle is indicated by a line II as 

35 shown in Fig. 2. in Fig. 2, for convenience of explanation, the lines I and II are drawn as if the line I is located far from 
the line II. However, in actuality the line I is close to the line II. 

[0051] In the second operation cycle, an elapsed operation time at which the rotational speed of the expander motor 
20 reaches its upper limit is indicated by T'2. 

[0052] As is described above, the rotational speed or frequency n of the expander motor 20 is as a whole gradually 

40 increased each time the operation cycle of the cryopump is added. Therefore, when the target exchanging time T1 coin- 
cides with an operation elapsed time at which the rotational speed of the expander motor 20 reaches its upper limit, it 
should be made to be a maintenance time for the cryopump (a point b). In Fig. 2, the maintenance time comes in an 
operation cycle N. Before the maintenance time defined above, the sealing portions 19-1 and 19-2 of the expander 18 
are normally operated. However, there is a case that the sealing portions 19-1 and 19-2 may be rapidly worn before the 

45 maintenance time. In this eventuality, the maintenance of the cryopump is performed at an earlier time. 

[0053] As is described above, the operational characteristics (or performance) of the cryopump essentially changes 
according to the past operation history of the cryopump. Therefore, in this invention, the cryopump is controlled by tak- 
ing such a change in operation characteristics into consideration. 
[0054] Hereinafter, contents of the specific control is described. 

so [0055] As shown in Fig. 1 , a controller 50 comprises the arithmetic controlling means 51 comprising a micro proces- 
sor, a storing means 53 comprising a read only memory (ROM) such as an electrically programmable ROM or an elec- 
trically erasable and programmable ROM, a random access memory (RAM) or the like, a control means 55 having a 
displaying section such as a cathode-ray tube (CRT) or the like and an input section such as a keyboard or the like, and 
an expander motor driving means 57 for outputting a rotation driving pulse according to a driving instruction signal sent 

55 from the arithmetic controlling means 51 to drive the expander motor 40. 
[0056] Next, a control procedure of the cryopump is described. 
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Speed control of Expa nder Motor: 

[0057] Fig. 3 is a flow chart showing a control procedure of the cryopump performed by the control section 50. 
[0058] Initially, data contents of the first operation cycle, that is, the operation cycle I shown in Fig. 2 are stored in the 
5 storing means 53 as a management parameter. In this case, the data contents of the operation cycle I to be stored 
would vary depending on a temperature K (kelvin) of the cryopanels 13 and 15 and a condition in the vacuum chamber 
100. 

[0059] Thereafter, an initial driving instruction signal is output from the arithmetic controlling means 51 to the 
expander motor driving means 57, and driving of the expander motor 40 is started (step 1 ). 
w [0060] The refrigerator 1 0 is cooled by the driving of the expander motor 40. Thereafter, a current temperature of the 
refrigerator 10 is detected by a temperature sensor 35, and a value of the current temperature and a current rotational 
speed of the expander motor 40 are input to the arithmetic controlling means 51 of the controller 50 as a current oper- 
ation parameter (step 2). 

[0061] Thereafter, a rotational speed of the expander motor 40 at a corresponding elapsed operation time of the man- 

15 agement parameter is read from the storing means 53 to the arithmetic control means 51 (step 3). 

[0062] Thereafter, a next rotational speed of the expander motor 40 (e.g. five minutes later) in the current operation 
cycle is calculated from the current operation parameter, that is, the current temperature and the current rotational 
speed, and a rotational speed in the management parameter read from the storing means 53 in step 3 (step 4). 
[0063] Thereafter, the next rotational speed calculated is compared with a rotational speed of the management 

20 parameter read from the storing means, and it is judged whether or not the next rotational speed calculated is out of a 
first permissible range from the rotational speed of the management parameter. In this case, the first permissible range 
is so predetermined that the next rotational speed will substantially follow the rotational speed in the expander motor 40 
shown in Fig. 2. This judgement is performed to confirm that the current rotational speed does not unusually deviate 
from that of the management parameter. 

25 [0064] Thereafter, the next rotational speed calculated is compared with a just-prior rotational speed, for example, a 
rotational speed at a time just before five minutes in the current operation cycle, and it is judged whether or not the next 
rotational speed calculated is out of the second permissible range therefrom. The second permissible range differs from 
the first permissible range. This second judgment is performed to confirm that the next rotational speed calculated does 
not unusually deviate from the line of the current operation cycle. More specifically, for example, when a sputtering oper- 

30 ation is performed in the vacuum chamber, the temperature in the vacuum chamber is temporarily raised and, therefore, 
the next rotational speed calculated may be accordingly unusually high as shown in Fig. 4. This second judgement is 
performed to avoid such a temporal fluctuation in the rotational speed. 

[0065] In addition, the next rotational speed calculated is judged as to whether it is within a third permissible range to 
determine whether expander motor 40 is operating normally or not. A rotational frequency of the expander motor 40 
35 under normal operation never exceeds the range of 40 - 90 rpm. Thus, the third permissible range may be set to be 
within a normal rotational frequency of the expander motor 40 (step 5). 

[0066] In the case where the next rotational speed calculated is within the first, second and third permissible ranges, 
and the rotational speed does not exceed the upper limit (steps 6, 7) then the data stored in the storing means 53 is 
rewritten to adopt the next rotational speed calculated as a rotational speed at the corresponding elapsed time of the 
40 management parameter (step 8). That is, the next rotational speed calculated is utilized as the management parameter 
in the next operation cycle. 

[0067] Thereafter, a driving instruction signal is output from the arithmetic control means 51 to the expander motor 
driving means 57 to control the speed of rotations of the expander motor to the next rotational speed calculated (step 
9). Thereafter, a current operation mode, for example, a current temperature, an operation elapsed time and the like, is 

45 output from the arithmetic control means 51 to the control means 55 and is displayed (step 10). 

[0068] Thereafter, the procedure returns to the step 2, and the above processing is repeated. This repetition is, for 
example, performed every five minutes, until the calculated rotational speed reaches a maximum rotational speed. 
[0069] In contrast, in a case where it is judged in the step 5 that the next rotational speed calculated is not within the 
first, second or third permissible ranges, it is further judged whether or not the above judgement that the calculated 

so speed is out of permissible range is consecutively repeated a predetermined number of times (step 1 1 ). In cases where 
the above judgement is consecutively repeated a predetermined number of times, operation of the cryopump is judged 
to be defective, and the procedure proceeds to a step 12. In cases where the above judgement is not repeated a pre- 
determined number of times, it is judged that the cryopump is not operating defectively, and a rotational speed at the 
corresponding elapsed time of the management parameter or another rotational frequency close to the rotational speed 

55 is adopted as the next rotational speed calculated, and the procedure proceeds to step 8 through steps 6 and 7. 

[0070] The reason why the cryopump is judged not to be defective when the judgement is not repeated predetermined 
number of times in the step 1 1 is as follows. There is a case that temperature of the cryopanels 1 3 and 1 5 is temporarily 
raised because a sputter is, for example, performed during the operation of the cryopump as stated above. In this case, 
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a rotational speed calculated based on the raised temperature detected would be unusually high (as a phenomenon 
shown by the arrows in Fig. 4). In this case, however, the cryopump is not actually operating defectively. Therefore, even 
if the rotational speed calculated is once or twice out of the first, second or third permissible range, the cryopump may 
be operating normally. Also, this temperature change is temporary. Therefore, the number of times that the rotational 

5 speed calculated is out of the first, second or third permissible range is counted and, in a case where the number is 
equal to or less than a prescribed number, it is judged that the cryopump is operating normally in step 11. 
[0071] In contrast, in a case where the rotational speed calculated is consecutively out of the first, second or third 
permissible range more than predetermined time, the cryopump is apparently in a defective state involving, for example, 
a problem in a seal mechanism of the cryopump or the like. As such, a maintenance will be needed. Therefore, in this 

10 case, an unusual mode is diagnosed (a step 12), an alarm signal is output to the control means 55, and the unusual 
mode diagnosed is displayed in the control means 55 (step 13). Thereafter, for example, an alarm signal is output to a 
sputtering apparatus to cease operation, and further the expander motor may be stopped. Instead, the procedure after 
step 10 may be manually performed. 

[0072] As is described above, a value of an operation parameter in a preceding operation cycle is stored as a man- 
15 agement parameter, and when a rotational speed of the expander motor is calculated, a rotational speed of the man- 
agement parameter is utilized in the calculation and the rotational speed of the expander motor is controlled to maintain 
a temperature of the cryopanels at a predetermined level. Therefore, unnecessary abrupt changes in the rotational 
speed of the expander motor such as shown in Fig. 4 are suppressed, and proper operation of the cryopump can be 
facilitated. 

20 [0073] Also, because an unusual condition of the cryopump is judged by checking whether or not a current operation 
parameter is unusually changed as compared with the rotational speed of the management parameter, the judgement 
can be precisely performed. In contrast, in a conventional art in which only a real time control is performed, when tem- 
peratures of the cryopanels are not lowered to a set value due to e.g. seal failure, the expander motor is operated for a 
long time at a rotational speed close to its upper limit to obtain an operation performance of the cryopump. In addition, 

25 deterioration of the cryopump cannot be predicted and the type of a failure mode cannot be diagnosed. Thus, there is 
a probability that the expander motor will be damaged. 

[0074] In the above embodiment, a parameter of a one-time preceding operation cycle just before a current operation 
cycle is utilized as the management parameter. However, it is applicable that a parameter of a more-times preceding 
operation cycle may be used as the management parameter. 

30 [0075] Also, in the above embodiment, the rotational speed, the elapsed operation time and the temperature are uti- 
lized as the operation parameter and the management parameter. However, it is possible that a pressure of the cryop- 
ump is utilized in place of the temperature. In this case, a pressure sensor 101 is provided in the vacuum chamber 100 
and a rotational speed in the expander motor 40 is controlled so that the pressure in the vacuum chamber 100 is main- 
tained at a predetermined value, in a similar manner as in the above embodiment. 

35 [0076] Also, in the above embodiment, the temperature is maintained at a constant value. However, it is apparent that 
when gas molecules are accumulated on the cryopanel to a certain thickness, it decreases a pumping speed of the cry- 
opump. Therefore, the temperature should be controlled to be decreased little by little to maintain a pumping speed of 
the cryopump at a constant value. 

40 Diagnosing Control : 

. [0077] Next, a method for diagnosing and displaying a regeneration time or a maintenance time of the cryopump is 
described. 

45 Determination of Regeneration time : 

[0078] As shown in Fig. 2, as the elapsed operation time T goes by, the rotational speed or frequency n of the 
expander motor 40 is gradually increased in any of the operation cycles. When the rotational speed exceeds an upper 
limit of the rotational speed (or a little lower than the upper limit), the cryopump reaches a time for regeneration. There- 

50 fore, the upper limit of the rotational speed of the expander motor 40 or a rotational speed a little lower than the upper 
limit of the rotational speed is stored in the storing means 53 in advance as a diagnosis parameter, and a current rota- 
tional speed calculated is compared with the rotational speed of the diagnosis parameter stored in the storing means 
53. When the current rotational speed calculated exceeds the rotational speed of the diagnosis parameter, it is deter- 
mined that the cryopump requires regeneration, an alarm signal is output to the control means 55, and a regeneration 

55 mode is displayed step (14, 15) in the control means 55 as shown in a flow chart shown in Fig. 3. 
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Determination of Ma intenance Time: 

[0079] When the operation cycle is repeated, as shown in Fig. 2, the rotational speed is as a whole gradually 
increased, and the rotational speed calculated ultimately reaches its upper limit before the target time T1 i.e. the time 
5 for exchanging a target (the operation cycle N in Fig. 2). In this case, since the cryopump cannot be operated to provide 
a prescribed refrigeration level, maintenance is needed. Therefore, it is necessary to inform an operator that mainte- 
nance is required. 

[0080] Therefore, the target time T1 and the upper limit of the rotational speed in the expander motor 40 are stored 
in advance in the storing means 53 as the diagnosis parameter. The rotational speed calculated is compared with the 

10 diagnosis parameter stored in the storing means 53 and, when the rotational speed of the expander motor calculated 
reaches the upper limit of the rotational frequency or a rotational frequency close to the upper limit of the rotational fre- 
quency before the target time T1, then, it is determined that maintenance is required. Then, an alarm signal is output 
to the control means 55, and a maintenance mode is displayed (steps 16, 17) as shown in a flow chart shown in Fig. 3. 
[0081] As for the maintenance time in other cases, for example, a sudden increase in an inner temperature or pres- 

15 sure due to e.g. a seal failure may be used as a diagnosis parameter. In this case, an amount of deviation of the rota- 
tional speed in a current operation cycle from the rotational speed in a preceding operation cycle at a corresponding 
elapsed operation time, or an amount of deviation of a current rotational speed from a rotational speed just before the 
current rotational speed is also large. In this case, an amount of deviation of a temperature, an amount of deviation in 
a pressure and an amount of deviation in a rotational speed, which are large enough to need a maintenance work for 

20 the cryopump, are stored as the diagnosis parameter in the storing means 53, and these amounts of deviation are com- 
pared with a deviation in current detected temperature, a current detected pressure and a current detected rotational 
speed. Thereafter, it is diagnosed whether or not a maintenance work is required. In the case where maintenance work 
is required, an alarm signal is output to the control means 55, and a maintenance mode is displayed in the control 
means 55. 

25 [0082] It is apparent that either the speed control or the diagnosis control could be applied for the cryopump. Also, it 
is apparent that the speed control and the diagnose control could be applied for the cryopump together. 
[0083] In the above embodiment, the temperature or the pressure is utilized as the diagnosis parameter, as an exam- 
ple. However, it is applicable that a vibration frequency of the cryopump be utilized as the diagnosis parameter. In this 
case, a vibration sensor is provided at a prescribed position of the cryopump. When a vibration frequency in a current 

30 operation cycle unusually deviate from a preceding vibration frequency at a corresponding elapsed operation time in a 
preceding operation cycle, it is judged that the cryopump is in an unusual state, and an alarm signal is output to the con- 
trol means 55, and unusual condition mode is displayed in the control means 55. 

[0084] Also, in another case, a predetermined total operation time for the cryopump is stored as a diagnosis param- 
eter in the storing means 53. When the actual total operation time reaches a predetermined time, it is judged that the 
35 cryopump requires maintenance, and an alarm signal is output to the control means 55, and maintenance mode is dis- 
played in the control means 55. 

[0085] As is described above in detail, the cryopump according to the above described embodiments have superior 
effects as follows. 

40 (1) Because not only real time control is used but also management parameters are utilized to control the current 
rotational speed of the expander motor, even if a sudden load change occurs for a short period in the cryopump (for 
example, the sudden load change occurs when a sputtering operation is performed in the vacuum chamber to 
which the cryopump is attached), the rotational speed in the expander motor does not fluctuate, and stable opera- 
tion can be realized. 

45 (2) The regeneration time and the maintenance time can be easily determined in advance, and deterioration with 
the passage of time can be forecasted. Further, forecast and diagnosis of the failure of the cryopump can be easily 
performed. Accordingly, the reasonable and planned maintenance and checking can be performed for the cryop- 
ump. 

(3) The forcible or undue operation of the cryopump to keep the operation performance (for example, to keep the 
so temperature or the pressure at a constant value) of the cryopump can be avoided. 

Regeneration of Cryopump : 

[0086] Fig. 6 is a view showing the construction of a regenerative apparatus for a cryopump which carries out a regen- 
55 erative method as disclosed herein. A pump casing 2 of a cryopump 1 is connected to a vacuum chamber 4 through an 
inlet valve 3. First stage 6-1 and second stages 6-2 of a refrigerator 6 are arranged within the pump casing 2. A first 
stage cryopanel 7 is formed of metal plates which are shaped like a lamp shade and arranged horizontally in an over- 
lapping manner. The first stage cryopanel 7 is located near the inlet valve 3 and connected to the first stage 6-1 of the 
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refrigerator through a heat transfer element 5. A second stage cryopanel 8 is also formed of metal plates which are 
shaped like a lamp shade and arranged vertically in an overlapping manner. The second stage cryopanel 8 is located 
underneath the first stage cryopanel 7 and connected to the second stage 6-2 of the refrigerator. 
[0087] A compressor unit 10 and an expander motor (consisting of a synchronous motor) 9 are connected to the 

5 refrigerator 6. As the expander motor 9 is operated, an expander is moved up and down. In synchronism with the 
expander's movement, a high-pressure helium gas is fed from the compressor unit 10 to the first stage 6-1 and second 
stage 6-2 of the refrigerator 6 for adiabatic expansion of gas, and the pressure reduced low-pressure helium gas is 
returned to the compressor unit 1 0. This causes the first stage 6-1 and second stage 6-2 of the refrigerator to be cooled 
and the surfaces of the first stage cryopanel 7 and second stage cryopanel 8 are cooled to a cryogenic temperature. At 

10 this cooling step, the first stage 6-1 of the refrigerator 6 is cooled at a temperature of 60 - 100K, and the second stage 
6-2, 12-20K. 

[0088] By opening the inlet valve 3, gases in the vacuum chamber are allowed to flow into the pump casing 2. Instan- 
taneously, for example, water (H 2 0) adsorbs (condenses) on the first stage cryopanel 7, the argon gas (Ar) condenses 
on an upper surface of the second stage cryopanel 8, and the hydrogen gas adsorbs on an activated charcoal layer pro- 
15 vided on the back side of the second stage cryopanel 8. Thus, various gases within the vacuum chamber 4 are 
removed. 

[0089] Reference numeral 1 1 denotes a turbo-molecular pump, and 12 indicates a roughing vacuum pump. The turbo- 
molecular pump 11 and the roughing vacuum pump 12 are connected in series and are connected to the pump casing 
2 through a relief valve 13 and a regeneration valve 14, both arranged in parallel to each other. Symbol P denotes a 
20 pressure sensor to detect an internal pressure of the pump casing 2; T1 , a temperature sensor to detect a temperature 
of the first stage cryopanel 7; T2, a temperature sensor to 'detect a temperature of the second stage cryopanel 8; and 
reference numerals 15, 16, and 17 indicate a heater. 

[0090] Reference numeral 1 8 denotes a controller. Outputs from the temperature sensors T1 , T2 and pressure sensor 
P are inputted to the controller 18. The controller 18 supplies a driving power to the turbo-molecular pump 11 and 
25 roughing vacuum pump 12, a heating power to the heaters 15, 16, and a power to the heater 17 for heating the nitrogen 
gas (N 2 ) for use in purge. 

[0091] In the regenerative apparatus for a cryopump in the construction described above, during regeneration, first, 
the inlet valve 3 is closed. Then, the refrigerator 6 is stopped, and a power is supplied to the heaters 15, 16, 17. Also, 
the valve 19 is opened to supply the pump casing 2 with the nitrogen gas (N 2 ) heated by the heater 17 for purging. This 

30 heating causes gases condensed/adsorbed on the first and second stage cryopanels 7, 8 to evaporate. When an inter- 
nal pressure of the pump casing 2 exceeds the atmospheric pressure, the relief valve 13 opens to maintain the internal 
pressure of the pump casing 2 substantially at atmospheric pressure or higher. This causes substances adhering to the 
surfaces of the first stage cryopanel 7 and second stage cryopanel 8 to gasify and the gasified substances are 
exhausted from the pump system. 

35 [0092] At this stage of regeneration, the condensed/adsorbed substances should be completely gasified and 
exhausted from the pump system. To this end, heating temperatures for the first stage cryopanel 7 and second stage 
cryopanel 8 are set according to condensed/adsorbed substances to be gasified. Power supplied from the controller 18 
is controlled so that outputs from the temperature sensors T1, T2 reach set temperatures. Also, the time required for 
complete gasification (heating time) is set with respect to the quantity of adsorbing substances. 

40 [0093] When the release of gases from the surfaces of the first stage cryopanel 7 and second stage cryopanel 8 has 
ceased indicating completion of regeneration, the regeneration valve 14 is opened while maintaining the first stage cry- 
opanel 7 and second stage cryopanel 8 at the set temperatures above. The turbo-molecular pump 11 and the roughing 
vacuum pump 12 are run to reduce an internal pressure of the pump casing 2 to 1/1 0 3 Pa or less. This pressure reduc- 
tion is intended to clean the activated charcoal layer provided on the back side of the second stage cryopanel 8 and 

45 also to check for a leak within the pump casing 2. When evacuation is effected only through the roughing vacuum pump 
12 a vacuum can be attained only on the order of 1/10 Pa even when the evacuation is continued for a long period of 
time. As a result, gases remain within the pump casing 2 and adsorb on the activated charcoal layer. 
[0094] Next, the refrigerator 6 is run to cool the first stage cryopanel 7 to a surface temperature of 80K or less and to 
cool the second stage cryopanel 8 to a surface temperature of 20K or less. In this cooling, the expander motor 9, a syn- 

50 chronous motor, is run at a maximum rotational speed (for example 90 rpm) for quick cooling. A microprocessor in the 
controller 18 processes outputs from the temperature sensors T1, T2 and pressure sensor P to issue control signals. 
The heaters 15, 16, 17, expander motor 9, regenerative valve 14, roughing vacuum pump 12, turbomolecular pump 1 1 
and the like are automatically run and controlled based on the control signals. 

[0095] The above described construction and operation have covered complete or full regeneration where the first 
55 stage cryopanel 7 is also heated to remove water. However, the method as disclosed herein is applicable in partial 
regeneration where only the second stage cryopanel 8 is heated. Then, it is not necessary to stop running the refriger- 
ator 6, and the heaters 16, 17 are put in OFF. 

[0096] Heating temperatures to be set for the first stage cryopanel 7 and second stage cryopanel 8 at regeneration 
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are listed below for reference to the substances to be removed. 



Table 1 



5 


Water vapor (H 2 0) 


About 300K (first stage cryopane! 7 and second stage cryopanel 8 are heated) (complete 
regeneration) 




Argon (Ar) 


1 10 - 160K (only second stage cryopanel 8 is heated) (partial regeneration) 




Hydrogen (H 2 ) 


30 - 80K (only second stage cryopanel 8 is heated) (partial regeneration) 


10 


Nitrogen (N 2 ) 


100 - 140K (only second stage cryopanel 8 is heated) (partial regeneration) 



[0097] Fig. 7 is a graphical representation of partial regeneration showing Ar regenerative processing procedure as 
disclosed herein. Fig. 8 is a graphical representation showing Ar regenerative processing procedure disclosed in PCT 

15 Application Domestic Announcement No. 509144/1993. In Figs. 7 and 8 r curve T represents a temperature of the sec- 
ond stage cryopanel, and curve P, an internal pressure of the pump casing. According to the Ar regenerative processing 
procedure as disclosed herein, as shown in Fig. 7, the turbo-molecular pump 11 and roughing vacuum pump 12 are run 
at time t 4 when the release of gases from the second stage cryopanel 8 has ceased, thereby quickly reducing an inter- 
nal pressure of the pump casing 2 to 1/10 3 Pa or less. 

20 [0098] At time t 5 when an internal pressure of the pump casing 2 has reached 1/1 0 3 Pa or less, the second stage 
cryopanel 8 is quickly cooled to a surface temperature of 20K or less. During the time span between times t 4 and t 5 , the 
surface of the second stage cryopanel 8 is maintained at a fixed temperature (approximately 140K; a different temper- 
ature is employed for water' vapor, hydrogen nitrogen, or the like). It's also possible that the starting of the cooling of the 
surface of the second stage cryopanel 8 is somewhat delayed beyond time t 5 . 

25 [0099] On the other hand, according to the known regenerative processing procedure disclosed in PCT Application 
Domestic Announcement No. 509144/1993, as shown in Fig. 3, ceasing of heating of the cryopanel surface is some- 
what delayed than that of the procedure disclosed herein and is brought into effect at time t 6 , and cooling of the cryo- 
panel surface does not start until an internal pressure of the pump casing 2 becomes about 10 - 100 Pa. 
[0100] As described above, in the known regenerative processing procedure, when the cooling of the cryopanel sur- 

30 face is started, an internal pressure of the pump casing 2 is still high at 10 - 100 Pa. This causes cryogenic adsorption 
to take place on the cryopanel surface and make it difficult to attain clean surface. By contrast, in the present embodi- 
ment, the pressure is reduced to 1/10 3 Pa to completely exhaust gasified substances from the pump casing, and then 
cooling of the surface of the second stage cryopanel 8 starts. As a result, cleanliness within the pump casing is main- 
tained, and the surface of the second stage cryopanel 7, 8 can be completely regenerated. In addition, leakage can be 

35 accurately checked for. 

[0101] Furthermore, when the regeneration has completed, since the inside of the pump casing 2 is held at a high 
vacuum of 1/1 0 3 Pa or less, it is possible to reduce time required for cooling the second stage cryopanel 8 to a temper- 
ature of 20K and to reduce time for evacuation in the following discharging. When the quick cooling is effected by bring- 
ing the rotational speed of the expander motor to 90 rpm, it is possible to reduce time required for cooling to a 

40 temperature of 20K about 20% as compared with the conventional practice. In Fig. 7, the processing procedure up to 
time t 3 is about the same as in an example of the known processing procedure shown in Fig. 8. 
[0102] The explanation has been made about partial regeneration where argon Ar regenerative process is performed. 
Also, it is apparent that the similar effect can be expected in complete regeneration where regeneration also covers 
water adsorbed on the first stage cryopanel. 

45 [0103] The following fact was experimentally confirmed: When an internal pressure of the pump casing 2 is reduced 
to 1/1 0 3 Pa, as described above, hydrogen pumping capacity in the subsequent discharge step remains unchanged. 
However, when an internal pressure of the pump casing 2 is reduced only to 1-1/10 Pa hydrogen pumping capacity in 
the subsequent discharge step lowers by 5 - 10%. Even when a pressure of 1/1 0 3 Pa is not reached, it is apparent that 
similar results can be obtained at pressures at which the molecular flow zone of an object substance is established. 

so However, to effect regeneration, it is desirable to reduce the pressure to 1/10 3 Pa. 

[0104] Furthermore, according to the present embodiment, the expander motor 9 (consisting of a synchronous motor) 
may be run at a maximum speed (90 rpm) for cooling down, thereby bringing the first stage 6-1 of the refrigerator 6 to 
a temperature of 80K and the second stage 6-2 to 20K. Thus, time required for establishing the state of pumping can 
be reduced. According to an experiment, it took 80 minutes to cool the second stage 6-2 of the refrigerator 6 from a 

55 temperature of 300K to 20K at a normal speed (72 rpm, powered at 60 Hz), while the time was reduced to 65 minutes 
at the maximum speed (90 rpm). 

[0105] The time may be further reduced by setting a maximum speed of the expander motor to more than 90 rpm. 
This, however, would cause a severe wear of seals of an expander with a resultant reduction of its service life, and 
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hence it is desirable to employ a maximum speed of 90 rpm for the expander motor. 

[0106] In the above-mentioned embodiment, the first stage cryopanel 7 has a structure that metal plates shaped like 
a lamp shade are arranged horizontally in an overlapping manner, and the second stage cryopanel 8 has a structure 
that metal plates shaped like a lamp shade are arranged vertically in an overlapping manner. Needless to say, the struc- 

5 ture of the first and second stage cryopanels 7, 8 is not limited to this. Also, in the above-mentioned embodiment, the 
controller 18 supplies power to the heaters 15, 16, 17. However, a power source may be provided separately, and the 
controller 18 may issue only control signals to control power supplied therefrom. In addition, the controller 18 supplies 
power to the turbo-molecular pump 11 and roughing vacuum pump 12. Again, a driving power source may be provided 
separately, and the controller 18 may issue only control signals to control power supplied therefrom. 

10 [0107] As has been stated above, according to the regenerative apparatus and method as disclosed herein, on com- 
pletion of releasing gases from a first stage cryopanel surface and/or second stage cryopanel surface, an internal pres- 
sure of a cryopump is quickly reduced to 1/1 0 3 Pa or less with the cryopanel surface maintained at the same 
temperature as in releasing gases, and then the second stage cryopanel surface is quickly cooled to a temperature of 
20K. Thus, there can be provided a regeneration method and apparatus for a cryopump capable of regenerating cryo- 

15 panels completely and of reducing a regeneration time required for resuming running a cryopump. 

Temperature Control: 

[0108] Fig. 9 is a schematic view illustrative of the construction of a cryopump according to the further embodiment 

20 of the present invention. As illustrated in Fig. 9, the cryopump is constructed in such a manner that a compressor unit 
20 is connected to a refrigerator 10 via piping 21. The refrigerator 10 comprises an expander 18 therein which is moved 
up and down by an expander motor (synchronous motor) 40. The vertical movement of the expander 18 causes an 
working gas (helium He gas) at room temperature and high pressure fed from the compressor unit 20 to be adiabatically 
expanded in a first stage expanding portion 1 1 and a second stage expanding portion 15, thereby generating cryogenic 

25 temperatures. 19-1 and 19-2 indicate first and second sealing portions of the expander 18, respectively. 

[0109] A first stage cryopanel 13 is attached to the top end of the first stage expanding portion 1 1 via a heat transfer 
element 12. A second stage cryopanel 17 is directly attached to the second stage expanding portion 15. 
[01 1 0] The first and second stage expanding portions 1 1 and 1 5 of the refrigerator 1 0 are surrounded by a casing 30 
whose top end is connected to a vacuum chamber 60 through a gate valve not shown. 

30 [0111] Explanation will now be made of the operation of the cryopump constructed as described above. An working 
gas at high pressure is supplied to the refrigerator 1 0 from the compressor unit 20 and is further fed to the first and sec- 
ond stage expanding portions 11 and 15 through a valve (not shown) which opens and closes, being operationally 
linked with the vertical movement of the expander 18. The gas is thus adiabatically expanded in the first and second 
stage expanding portions 11 and 15, thereby generating cryogenic temperatures. The expanded gas passes through a 

35 passage (not shown) and is fed to an expander motor 40 to cool it and to be fed back to the compressor unit 20. After 
the gas has been compressed in the compressor unit 20, it is subjected to treatment, such as oil separation and the 
like, and is fed back to the refrigerator 10 as an working gas at high pressure. The cryogenic temperatures generated 
in the first and second stage expanding portions 11 and 15 allow the first and second cryopanels 13 and 17 to be 
cooled. 

40 [011 2] The cryopanels 1 3 and 1 7 are thus cooled as described above so that water within the vacuum chamber 60 is 
primarily condensed on the surface of the first stage cryopanel 13 while an argon (Ar) gas and a nitrogen (N 2 ) gas are 
condensed on the front surface of the second stage cryopanel 17. Further, a hydrogen (H 2 ) gas is cryogenically sucked 
onto an activated charcoal layer or the like formed on the reverse surface of the second stage cryopanel 17. Such a con- 
densing and adsorbing operation allows the gas in the vacuum chamber 60 to be discharged. 

45 [0113] A temperature sensor 35 detects the surface temperature of the first stage cryopanel 13, the detected output 
being input into control means 51 of a control part 50. The control means 51 allows the operation of the expander motor 
40 to be temporarily suspended or to be rotated in a reverse direction via expander motor drive means 52, thereby 
keeping the first and second stage cryopanels 13 and 17 at constant temperatures. 

[0114] The theoretical refrigerating cycle of the cryopump is based on the relationship between P (pressure) and V 
so (volume) of an working gas (for example, helium He gas), as shown in Fig. 10. An working gas at room temperature and 
high pressure is supplied to the refrigerator 10, and the expander 18 is lowered to allow the gas to.be expanded adia- 
batically in the first and second stage expanding portions 11 and 1 5, thereby generating cryogenic temperatures. When 
the expander 18 is temporarily suspended, i.e., when the rotation of the expander motor 40 is temporarily suspended, 
adiabatic expansion of the gas does not occur, thus preventing the generation of cryogenic temperatures, resulting in 
55 an increase in the temperatures of the first and second stage cryopanels 13 and 17. 

[01 1 5] According to the above-described theory, based on a detected output from the temperature sensor 35, the con- 
trol means 51 determines how long the expander motor 40 will be temporarily suspended via the expander motor drive 
means 52, thereby maintaining the first and second stage cryopanels 13 and 17 at predetermined temperatures. 
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[0116] In contrast to the above-described refrigerating cycle shown in Fig. 10, a heating cycle can be accomplished 
by reversing the refrigerating cycle. That is, an working gas at room temperature and low pressure is supplied to the 
cryopump so as to be adiabatically compressed, thereby generating heat. This heating operation can be realized by 
supplying an working gas at room temperature and low pressure from the compressor unit 20 and by reversing the 
5 expander motor 40. 

[0117] Thus, as described above, based on a detected output from the temperature sensor 35, the control means 51 
permits the expander motor 40 to be reversely rotated and also controls the speed thereof via the expander motor drive 
means 52. It is thus possible to heat and maintain the first and second stage cryopanels 13 and 17 at constant temper- 
atures. 

10 [0118] The cryopanels 13 and 17 are thus heated by reversing the rotation of the expander motor 40, thus effectively 
transforming the condensed or adsorbed substances on the first and second stage cryopanels 13 and 17 to be in the 
complete form of a gas and then discharging it to the exterior of the system. In order to realize such a transformation 
and discharge, it is first necessary to set the heating temperatures of the first and second stage cryopanels, and then 
to reversely rotate the expander motor 40 and control the speed thereof so as to reach the set temperatures. 

15 [0119] The heating temperatures of the first and second stage cryopanels 13 and 17 during the regenerating opera- 
tion depend on the substance to be discharged, as shown in Table 1 above. 

[0120] Based on a detected output from the temperature sensor 35, the control means 51 permits the expander motor 
40 to be reversely rotated and also controls the speed thereof via the expander motor drive means 52. Upon effecting 
control, the first and second stage cryopanels 13 and 17 can respectively reach the set temperatures described in Table 

20 1, thus performing the regenerating operation. 

[0121] Fig. 1 1 illustrates the construction of, what is called, "a cryoturbo" formed by integrating a cold trap and a turbo 
molecular pump. Fig. 1 1 (a) is a cross sectional view of the cryoturbo, while Fig. 1 1 (b) is a top view thereof. A cold trap 
generally denoted by 100 comprises a single stage expanding portion (not shown) (equivalent to the first stage expand- 
ing portion 11 illustrated in Fig. 9) and a single stage bevelled cryopanel 112, these components being accommodated 

25 in a casing 1 30. A vacuum chamber 60 used in a vacuum process is connected to the top end of the casing 1 30. 

[0122] A turbo molecular pump 200 is connected to the bottom end of the casing 130. For producing a vacuum in the 
vacuum chamber 60 by the molecular pump 200, an expander motor 140 of the cold trap 100 is actuated so as to allow 
water vapor in the vacuum chamber 60 to be selectively condensed on the cryopanel 112. During this operation, as in 
the cryopump shown in Fig. 9, an working gas at room temperature and high pressure is supplied from the compressor 

30 unit 120 and is expanded adiabatically to generate cryogenic temperatures, which enables a gas in the vacuum cham- 
ber 60 to be pumped. 

[0123] For the regeneration of a gas in the cold trap 100, a control part 150 maintains the surface of the cryopanel 
112 at a set temperature so as to discharge the condensed water vapor on the surface of the cryopanel 112. This can 
be carried out by the following process. Based on an output from a temperature sensor 111 for detecting the surface 

35 temperature of the cryopanel 112, the control part 150 determines how long the expander motor 140 is temporarily sus- 
pended or reversely rotated, and upon this determination, it permits the motor 140 to be suspended or to be reversely 
rotated. This operation allows the cold trap 100 to be reused as heating means for heating the cryopanel 1 12 at a pre- 
determined set temperature. As described above, such heating can be implemented by controlling the number of 
reverse rotations of the expander motor 140. 

40 [0124] For performing the heating operation by the reverse rotation of the expander motor 140, the control part 150 
switches an working gas supplied from the compressor unit 120 to a gas at room temperature and low pressure which 
is then compressed adiabatically by the reciprocation of the expander, thereby generating heat and heating the cryo- 
panel 112. 

[0125] As stated above, the temperature sensor is disposed to detect the surface temperature of the cryopanel of the 
45 cryopump or that of the cold trap. Also, the control means is provided to allow the expander to be temporarily suspended 
for a certain period of time or to be reversely rotated based on a detection signal from the temperature sensor, it is thus 
possible to maintain the surface temperature of the first and/or the second stage cryopanel(s) of the cryopump or that 
of the cold trap within a predetermined range(s). 

[0126] Therefore, a temperature control method according to the subject invention offers the following advantages. 

50 

(1 ) It is possible to maintain the surface(s) of the first stage and/or the second stage cryopanel(s) or that of the cold 
trap within a predetermined range(s) without requiring a heater. 

(2) The temperature can be controlled to prevent any local variation in the temperature, thus obtaining a stable and 
constant discharge performance. 

55 (3) The temperature can be controlled to prevent any local variation in the temperature, thus enabling a sufficient 
regeneration. 

(4) The cryopump or the cold trap can be simply and safely constructed since a heater is not required. 

(5) The cryopump or the cold trap is free from gas discharge, which would otherwise occur from a heater, thereby 
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obtaining a high degree of vacuum in the vacuum chamber. 

[0127] Although in the foregoing description, various features of this invention are separately explained, it will be 
apparent that these features may be independently or jointly used depending on need. 

5 

Claims 

1 . A cryopump including a surface of a first stage cryopanel (1 3) onto which a gas is condensed and/or adsorbed dur- 
ing a pump operation, and cooling means (1 0) for cooling the surface of said first stage cryopanel (13), said cooling 

10 means (10) allowing an working gas at room temperature and high pressure supplied from a compressor unit (20) 
to be adiabatically expanded by an expander (18) driven by an expander motor (40) so as to generate cryogenic 
temperatures, wherein said cryopump further comprises: 

a temperature sensor (35) for detecting the temperature of the surface of said first stage cryopanel (13); and 
15 control means (51) for allowing said expander (18) to be suspended for a certain period of time or to be 

reversely rotated based on a detection signal from said temperature sensor (35), thereby controlling the tem- 
perature of the surface of said first stage cryopanel (13) to be within a predetermined range. 

2. The cryopump of claim 1 further including a surface of a second stage cryopanel (17) onto which a gas is con- 
20 densed and/or adsorbed during a pump operation, and cooling means (10) for cooling the surface of said second 

stage cryopanel (17), said cooling means (10) allowing an working gas at room temperature and high pressure sup- 
plied from a compressor unit (20) be adiabatically expanded by an expander (18) driven by an expander motor (40) 
so as to generate cryogenic temperatures, 

said control means (51) for allowing said expander (18) to be suspended for a certain period of time or to be 
25 reversely rotated, based on a detection signal from said temperature sensor (35), also thereby controlling the tem- 
perature of the surface of said second stage cryopanel (17) to be within a predetermined range. 

3. A cold trap including a surface of a first stage cryopanel (1 1 2) onto which a gas is condensed during said operation, 
and cooling means for cooling the surface of said cryopanel, said cooling means allowing an working gas at room 

30 temperature and high pressure supplied from a compressor unit (1 20) to be adiabatically expanded by an expander 
driven by an expander motor (140) so as to generate cryogenic temperatures, wherein said cold trap further com- 
prises: 

a temperature sensor (1 11) for detecting the temperature of the surface of said cryopanel (112); and 
35 control means (1 50) for allowing said expander to be suspended for a certain period of time or to be reversely 

rotated, based on a detection signal from said temperature sensor (111), thereby controlling the temperature 
of the surface of said cryopanel (112) to be within a predetermined range. 

Patentanspruche 

40 

1. Kalte- bzw, Kryopumpe mit einer Oberflache einer Kalte- bzw. Kryoplatte (13) einer ersten Stufe, auf der ein Gas 
wahrend des Pumpenbetriebs kondensiert und/oder absorbiert wird, und mit Kuhlmitteln (10) zum Kuhlen der 
Oberflache der Kryoplatte (13) der ersten Stufe, wobei die Kuhlmittel (10) gestatten, daft ein von einer Kompres- 
soreinheit (20) geliefertes Arbeitsgas bei Raumtemperatur und mit hohem Druck adiabatisch expandiert wird durch 
45 einen von einem Expandermotor (40) angetriebenen Expander (18), urn kryogene Temperaturen zu erzeugen, 
wobei die Kryopumpe ferner folgendes aufweist: 

einen Temperatursensor (35) zum Detektieren der Temperatur der Oberflache der Kryoplatte (13) der ersten 
Stufe; und 

so Steuermittel (51) urn zu gestatten, dad der Expander (18) fur eine gewisse Zeitperiode suspendiert bzw. still- 

gelegt oder umgekehrt rotiert wird, und zwar basierend auf einem Detektionssignal vom Temperatursensor 
(35), urn dadurch die Temperatur der Oberflache der Kryoplatte (13) der ersten Stufe so zu steuern, daft sie 
innerhalb eines vorbestimmten Bereichs liegt. 

55 2. Kryopumpe gemSli Anspruch 1, wobei die Kryopumpe ferner eine Oberflache einer Kalte- bzw. Kryoplatte (17) 
einer zweiten Stufe aufweist, auf der ein Gas wShrend des Pumpenbetriebs kondensiert und/oder absorbiert wird, 
und mit Kuhlmitteln (10) zum Kuhlen der Oberflache der Kryoplatte (17) der zweiten Stufe, wobei die Kuhlmittel (10) 
gestatten, dafi ein von einer Kompressoreinheit (20) geliefertes Arbeitsgas bei Raumtemperatur und mit hohem 
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'Druck adiabatisch expandiert wird durch einen von einem Expandermotor (40) angetriebenen Expander (18), urn 
kryogene Temperaturen zu erzeugen, 

wobei die Steuermittel (51 ) gestatten, daft der Expander (1 8) fur eine gewisse Zeitperiode suspendiert bzw. stillge- 
legt oder umgekehrt rotiert wird, und zwar basierend auf einem Detektionssignal vom Temperatursensor (35), urn 
dadurch auch die Temperatur der Oberflache der Kryoplatte (1 7) der zweiten Stufe so zu steuern, daft sie innerhalb 
eines vorbestimmten Bereichs liegt. 

3. Kaite- bzw. Kuhlfaile mit einer Oberflache einer Kalte- bzw. Kryoplatte (112) einer ersten Stufe, auf der ein Gas 
wShrend des Betriebs kondensiert wird, und mit Kuhimitteln zum Kuhlen der Oberflache der Kryoplatte, wobei die 
Kuhlmittel gestatten, daft ein von einer Kompressoreinheit (120) geliefertes Arbeitsgas bei Raumtemperatur und 
mit hohem Druck adiabatisch expandiert wird durch einen von einem Expandermotor (140) angetriebenen Expan- 
der, urn kryogene Temperaturen zu erzeugen, wobei die Kalte- bzw. KQhlfalle ferner folgendes aufweist: 

einen Temperatursensor (11 1) zum Detektieren der Temperatur der Oberflache der Kryoplatte (112); und 
Steuermittel (1 50) urn zu gestatten, daft der Expander (1 8) fur eine gewisse Zeitperiode suspendiert bzw. still- 
gelegt oder umgekehrt rotiert wird, und zwar basierend auf einem Detektionssignal vom Temperatursensor 
(1 1 1 ), urn dadurch die Temperatur der Oberflache der Kryoplatte (11 2) so zu steuern, daft sie innerhalb eines 
vorbestimmten Bereichs liegt. 

Revendications 

1 . Pompe cryogenique comportant une surface d'un panneau cryogenique (1 3) de premier etage, sur laquelle un gaz 
est condense et/ou adsorbe au cours d'une operation de pompage, et un moyen de refroidissement (10) pour 
refroidir la surface dudit panneau cryogenique (13) de premier etage, ledit moyen de refroidissement (10) perrnet- 
tant a un gaz de travail a la temperature ambiante et a haute pression, alimente par une unite (20) formant com- 
presseur, d'etre dilate de maniere adiabatique par un dispositif de dilatation (18) entraine par un moteur (40) de 
dispositif de dilatation de maniere a generer des temperatures cryogeniques, ladite pompe cryogenique compre- 
nant en outre : 

un detecteur (35) de temperature pour detecter la temperature de ia surface dudit panneau cryogenique (13) 
de premier etage ; et 

un moyen (51) de commande pour permettre audit dispositif de dilatation (18) d'etre interrompu pendant un 
certain laps de temps ou d'etre inverse en rotation sur la base d'un signal de detection en provenance dudit 
detecteur (35) de temperature, afin de commander la temperature de la surface dudit panneau cryogenique 
(13) de premier etage pour qu'elle soitdans une plage predeterminee. 

2. Pompe cryogenique selon la revendication 1, comportant en outre une surface d'un panneau cryogenique (17) de 
deuxieme etage, sur laquelle un gaz est condense et/ou adsorbe au cours d'une operation de pompage, et un 
moyen (10) de refroidissement pour refroidir la surface dudit panneau cryogenique (17) de deuxieme etage, ledit 
moyen (10) de refroidissement permettant a un gaz de travail a la temperature ambiante et a haute pression, ali- 
mente a partir d'une unite (20) formant compresseur, d'etre dilate de maniere adiabatique par un dispositif de dila- 
tation (18) entraine par un moteur (40) de dispositif de dilatation de maniere a generer des temperatures 
cryogeniques, ledit moyen (51) de commande permettant audit dispositif de dilatation (18) d'ere interrompu pen- 
dant un certain laps de temps ou d'etre inverse en rotation sur la base d'un signal de detection en provenance dudit 
detecteur (35) de temperature, aussi afin de commander la temperature de la surface dudit panneau cryogenique 
(17) de deuxieme etage pour qu'elle soit dans une plage predeterminee. 

3. Piege cryogenique comportant une surface d'un panneau cryogenique (1 12) de premier etage, sur lequel un gaz 
est condense au cours de ladite operation, et un moyen de refroidissement pour refroidir la surface dudit panneau 
cryogenique, ledit moyen de refroidissement permettant a un gaz de travail a la temperature ambiante et a haute 
pression, alimente a partir d'une unite (120) formant compresseur, d'etre dilate de maniere adiabatique par un dis- 
positif de dilatation entraine par un moteur (140) de dispositif de dilatation de maniere a generer des temperatures 
cryogeniques, dans lequel ledit piege cryogenique comprend en outre : 

un detecteur (111) de temperature pour detecter la temperature de la surface dudit panneau cryogenique 
(112) ; et 

un moyen (150) de commande pour permettre audit dispositif de dilatation d'etre interrompu pendant un cer- 
tain laps de temps ou d'etre inverse en rotation sur la base d'un signal de detection en provenance dudit deMec- 
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teur (111) de temperature afin de commander la temperature de la surface dudit panneau cryogenique (1 12) 
pour qu'elle soit dans une plage predeterminee. 
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Fig. 3B 
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